Twenty-f ive non-ident if ied fluorescent Pseudomonas strains isolated from natural mineral waters were previously clustered into three phenotypic subclusters, Xlllb, XVa and XVc. These strains were characterized genotypically in the present study. DNA-DNA hybridization results and DNA base composition analysis revealed that these strains were members of two new species, for which the names Pseudomonas gessardii sp. nov. (type strain CIP 1054693 and Pseudomonas migulae sp. nov. (type strain CIP 1054703 are proposed. P. gessardii included 13 strains from phenotypic subclusters XVa and XVc. P. migulae included 10 strains from phenotypic subcluster Xlllb. The levels of DNA-DNA relatedness ranged from 71 to 100% for P. gessardii and from 74 to 100% for P. migulae. The G+C content of the DNA of each type strain was 58 mol%. DNA similarity levels, measured with 67 reference strains of Pseudomonas species, were below 55%, with ATm values of 13 "C or more. The two new species presented basic morphological characteristics common to all pseudomonads. Various phenotypic features were found to differentiate them: P. gessardii strains utilized L-arabitol, myo-inositol, adonitol, xylitol and meso-erythritol as carbon sources, whereas P. migulae strains assimilated Larabinose, D-xylose, D-saccharate, meso-tartrate, tricarballylate, D-glucuronate, D-galacturonate, phenylacetate and histamine. The complete 16s rRNA sequences of each type strain were determined and compared with those of the type strains of Pseudomonas species. Finally, a phylogenetic tree was inferred from sequence analysis and demonstrated that the two new species fell into the 'Pseudomonas fluorescens intrageneric cluster'. To date, their clinical significance is unknown.
INTRODUCTION
The genus Pseudomonas is one of the most complex genera of Gram-negative bacteria. This is why it was chosen by the European ' High-Resolution Automated Microbial Identification' (HRAMI) project as a subject for the evaluation of various taxonomic methods (Brosch et al., 1996) . Since its creation by Migula ( 1894) , the major obstacle to clear-cut differentiation
The EMBL accession numbers for the 165 rRNA gene sequences of P.
gessardii CIP 10546gT and P. migulae CIP 105470T are AF074384 and AF074383.
of Pseudomonas from other groups of aerobic, polarflagellated, Gram-negative bacteria has been its heterogeneity. The solution has been to use a variety of taxonomic criteria. Stanier et al. (I 966) improved and clarified the situation by using a classification based on physiological and biochemical features, but the major breakthrough for the taxonomy of the genus Pseudomonas has resulted from the increasing use of genetic techniques. DNA-rRNA hybridization experiments carried out by Palleroni et al. (1973) clustered Pseudomonas into five rRNA groups. De Ley (1992) unravelled the taxonomic position of these five rRNA clusters within the general framework of the Gram-negative bacteria. This has resulted in the drastic restriction of authentic Pseudomonas species to rRNA group I organisms, because it contains the type species, Pseudomonas aeruginosa. Rearrangement of the genus Pseudomonas has entailed the creation of several new genera, while other species have been reassigned to pre-existing genera, such as Chryseomonas and Flavimonas (Holmes et al., 1987) , Burkholderia (Yabuuchi et al., 1992) , Ralstonia (Yabuuchi et al., 1995) , Comamonas (De Vos et al., 1985) , Acidovorax (Willems et al., 1990) , Hydrogenophaga (Willems et al., 1989) , Telluria (Bowman et al., 1993) , Stenotrophomonas (Palleroni & Bradbury, 1993) , Brevundimonas (Segers et al., 1994) , Aminobacter (Urakami et al., 1992) , Oligotropha (Meyer et al., 1993) , Zavarzinia (Meyer et al., 1993) , Sphingomonas (Yabuuchi et al., 1990) , Herbaspirillurn (Baldani et al., 1996) and Devosia (Nakagawa et al., 1996) . Nowadays, taxonomy is more and more defined as a system 'that should reflect as closely as possible natural relationships between bacteria, by using chronometer molecules such as RNA 16s' (Vandamme et al., 1996) . The natural intrageneric relationships of the genus Pseudomonas sensu stricto have been described by Moore et al. (1996) , who delineated two major intrageneric clusters : ' Pseudomonas aeruginosa intrageneric cluster' and ' Pseudomonas Juorescens intrageneric cluster '. At the species level, the genus Pseudomonas sensu stricto includes at least 30 validly described species (Kersters et al., 1996) . Pseudomonads are often metabolically versatile and are able t o colonize low-nutrient-concentration ecosystems such as mineral waters (Oger et al., 1987; van der Kooij, 1990) . Natural mineral waters are characterized by their bacterial flora and their chemical and physical composition (Schwaller & Schmidt-Lorenz, 1981 ). However, a few studies have already demonstrated that identification at the species level may be a difficult task and sometimes requires further taxonomic study, including numerical analysis and genomic studies (Coroler et al., 1996; Elomari et al., 1996) . Twenty-five strains that could not be identified at the species level were previously clustered into three phenotypic subclusters 
METHODS
Bacterial strains. A total of 132 strains belonging to the genus Pseudomonas were investigated in this work. Sixty-five of them were isolated from mineral waters and were previously allocated into the following ten phenotypic clusters or subclusters: IX, X, XI, XIIe, XIIIa, XIIIb, XIIIc, XIIId, XVa and XVc . The other 67 strains were type or collection strains of authentic Pseudomonas species included as controls. Details concerning the these strains are given in Tables 2-4. Flagellation study. Negative staining was done with fixed cells of the type strains of P. gessardii and P. migulae according to the method described by Hoeniger (1965) .
DNA extraction and purification. Extraction and purification of DNA were performed by the method of Beji et al. (1987) .
DNA labelling and DNA-DNA hybridization. Native DNAs were labelled in vitro by nick translation with tritiumlabelled nucleotides (Amersham). The S 1 nucleasetrichloroacetic acid method used for hybridizations has been described previously (Grimont et al., 1980) . The reassociation temperature was 60 "C. DNA-DNA hybridization experiments were carried out by using labelled DNAs from the type strains of P. gessardii (phenotypic subcluster XVa) and P. migulae (phenotypic subcluster XIIIb). Each measurement was repeated at least twice and means are shown.
Thermal stability of reassociated DNAs. The temperature at which 50% of reassociated DNA became hydrolysable by S1 nuclease (T,) was determined by the method of Crosa et al. (1973) . The ATm was obtained as the difference between the T, of the heteroduplex and the Tm of homoduplex.
DNA base composition. G + C contents were determined from the denaturation curve using the equation of De Ley (1970) .
PCR amplification of 165 rDNA. Amplification of gene fragments encoding 16s rRNA was performed by using the following universal 16s rRNA primers described previously by Edwards et al. (1989) , PA (S-AGAGTTTGATCCTG-GCTCAG-3') and PH (Y-AAGGAGGTGATCGAGCC-GCA-3'), resulting in two overlapping DNA fragments that covered the 16s rRNA gene. One microgram of DNA was subjected to PCR in a total volume of 100 pl containing 10 p1 10 x buffer [50 mM KC1, 10 mM Tris/HCl, 15 mM MgCl,, 10 % (v/v) glycerol], 0-5 pl dNTP cocktail (1.25 mM each), 0.5 pl each primer (1 pM); 1.5 pl MgCl, (75 mM) and sterile distilled water to 100 p1. At least 0-5 p1 (2.5 U) Tag DNA polymerase was added. Each loop1 mixture was overlaid with three drops of mineral oil and subjected to thermal cycle amplification. A DNA thermal cycler 480 was used (Perkin-Elmer-Cetus) and programmed as follows : (i) an initial temperature of 94 "C for 5 min to melt the doublestranded DNA, (ii) 35 cycles of 1 min at 94 "C, 1 min at 55 "C and 1 min at 72 "C, and (iii) 10 min at 72 "C to allow extension of any incomplete products. The reaction mixture was held at 4 "C until it was used. Finally, 2 pl of the amplified fragment was loaded onto a 1.5 O/ O agarose gel for electrophoresis to check that only one band of the expected size was obtained.
The 16s rRNA gene sequences of P. gessardii CIP 105469T and P. migulae CIP 105470T were determined directly from PCR products in both the forward and reverse directions. An ABI 377 automated sequencer was used (Perkin-Elmer).
Analysis of sequence data. The two sequences generated were aligned with the 16s rDNA sequences of type strains of 105460') . The tree topology was tested by a bootstrap analysis of 1000 resamplings (Felsenstein, 1985) . Due to gaps and alignment problems, 1325 nucleotides were used in the calculation of identities between 16s rRNA sequences.
Species
Strain EMBL accession no. 
RESULTS

Phenotypic data
Strains CIP 105469T (type strain of P. gessardii) and CIP 105470T (type strain of P. migulae) are motile by means of single polar flagella (Fig. 1) . The phenotypic characteristics of mineral-water strains studied in this work have been published previously .
Pseudornonas species listed by Kersters et al. (1996) that were available in GenBank. These strains and their accession numbers are listed in Table 1 . The multiple alignment was performed by using the CLUSTAL x program (a more up-todate version of CLUSTAL w ; Thompson et al., 1994) . A distance tree was constructed by the nekhbour-joining method, correcting for multiple substitutions and excluding positions with gaps (Saitou & Nei, 1987) . The tree was based 
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XIIId) ranged from 20 to 59% (Tables 2 and 3 ). The
The DNA-binding ratios between the type strains of P. gessardii CIP 105469T (= CFML 95-25 lT, phenotypic subcluster XVa), P. miguZae CIP 105470T (= CFML 95-32 1 T, phenotypic subcluster XIIIb) and 65 isolates from mineral waters are given in Tables 2 and 3 . When the DNA of P. gessardii CIP 105469T was used as the labelled probe, levels of reassociation with DNA from 13 strains from phenotypic subclusters XVa and XVc ranged from 71 to 100%. The ATm values measured within this genomic group were 2 "C or less (Table 2) . DNA-DNA similarity levels between strain CIP 105469T and other strains from mineral waters included in the previously described clusters or subclusters (IX, X, XI, XIIe, XIIIa, XIIIb, XIIIc and ATm values obtained for strains from mineral waters that gave DNA similarity values of 50-69 YO to strain CTP 105469T were 6 "C or more. Finally, DNA-DNA hybridizations between strain CIP 1 05469T and other previously described species of the genus Pseudomonas yielded hybridization values below 49 % (Table 4 ).
The levels of DNA-DNA hybridization between P. rnigulae CIP 105470T and the other 11 isolates belonging to the same subcluster, XIIIb, ranged from 56 to 100 YO. Ten strains of this subcluster were 74100 Yo related to strain CIP 105470T, with ATm values of 2 "C or less (Table 2 ). The two remaining strains of subcluster XIIIb, CFML 95-326 and CFML 95-323, gave only low DNA similarity levels (61 and 56 %, respectively) with strain CIP 105470T, which were confirmed by ATm values of 13 and 9 "C. When hybridized with strain CIP 105470T, the relative binding ratios with strains from mineral waters belonging to other phenotypic groups (IX, X, XI, XIIe, XIIIa, XIIIc and XIIId) were less than 54%, with a AT,,, range of 9-10 "C (Tables 2 and 3 ). Finally, DNA-DNA similarity levels between strain CIP 1 05470T and fluorescent or non-fluorescent species belonging or related to the genus Pseudomonas varied from 9 to 5 5 % (Table 4) .
Hybridizations were also performed between the two new species, represented by strains CIP 105469T and CIP 105470T. Results are listed in Table 2 and varied from 16 to 33 YO.
DNA G + C content
The G + C contents of DNA from strains P. gessardii CIP 105469T, CFML 95-324, P. migulae CIP 105470T, CFML 95-254 and CFML 95-342 were 58 mol%. The value calculated for strain CFML 95-316 was 59 mol% (Table 2) .
Analysis of sequence data and phylogenetic analysis
16s rDNA sequences of 1516 nucleotides were determined for strains P. gessardii CIP 105469T and P. migulae CIP 1 05470T by sequencing PCR-amplified DNAs. Percentage identities between strains CIP 105470T and CIP 105469T and type strains of the Pseudomonas species listed by Kersters et al. (1996) were in the range 944-99.6 %. The closest neighbours of strain CIP 105469T according to 16s rDNA sequences were P. rhodesiae CIP 1 04664T and P. veronii CIP 104663T (99.0% for both) and also Pseudomonas mucidolens IAM 1 2406T and Pseudomonas synxantha IAM 12356T (99.6% for both). As for strain CIP 105470T, the highest values were obtained with Pseudomonas corrugata ATCC 29736T (99.2 Yo) and P. veronii CIP 104663T (99.3 %). The phylogenetic tree is displayed in Fig. 2 .
DISCUSSION
A total of 25 strains isolated from natural mineral waters and identified phenotypically as fluorescent pseudomonads were previously clustered into the three phenotypic subclusters XIIIb, XVa and XVc . Additional genomic studies were necessary to unravel the taxonomic position of these subclusters within the genus Pseudomonas sensu strict0 (Palleroni, 1984) . According to Wayne et al. (1987) Two new Pseudomonas species from mineral waters Even if these strains did not belong to the same phenotypic subcluster, subclusters XVa and XVc are closely related since they were included in the same phenotypic cluster, XV . The A T , values calculated for hybrids were 2 "C and less, supporting a high level of relatedness between these strains. Ten of 12 strains of phenotypic subcluster XIIIb shared a high level of DNA relatedness (74-100 YO) with DNA of strain CFML 95-321T, used as the labelled probe.
The ATF values within this genomic group were 2 "C or less, indicating that these organisms were closely related. Only two strains from this phenotypic subcluster, CFML 95-326 and CFML 95-323, showed low DNA similarities with CFML 95-321T. They were consequently removed from the genomic group. These two strains were phenotypically very similar to members of subcluster XIIIb, although two phenotypic characteristics were found to differentiate these strains from the others. Neither of these strains was able to utilize N-acetyl D-glucosamine or tricarballylate as carbon sources. Furthermore, the inability to assimilate 2-keto-~-gluconate differentiated strain CFML 95-323 from all other members of phenotypic subcluster XIIIb. Reciprocal DNA hybridization values obtained between the two above groups ranged from 16 to 33 %, indicating that they formed two separate genomic groups.
In conclusion, levels of hybridization between strains CFML 95-321T and CFML 95-251T and other members of the genus Pseudomonas were low. The highest values obtained were between Pseudomonas Jluorescens biovar V strain DSMZ 50148 and Pseudomonas putida biovar B strain ATCC 1784 and CFML 95-321T(55 and 34 %, respectively). Their unrelatedness was confirmed by a ATm value of 13 "C.
According to the above results, the strains that formed these two genomic groups were sufficiently closely related to warrant recognition as members of two separate species, for which we propose the names P. gessardii sp. Tables 5 and 6 , respectively. The two new species could also be differentiated from P. veronii , P.
rhodesiae (Coroler et al., 1996) and P. libanensis (Dabboussi et al., 1999) and from other Pseudomonas species (Palleroni, 1984) by various phenotypic characteristics listed in Table 7 .
The highest 16s rDNA identities (99% and more) measured between P. gessardii CIP 105469T, P. migulae CIP 1 05470T and Pseudomonas type strains listed by Kersters et al. (1996) were not supported by high DNA-DNA hybridization levels (less than 36 YO, see Table 4 ). In fact, DNA-DNA hybridization remains the optimal method for measuring the degree of relatedness between closely related organisms (Fox et al., 1992 ; Stackebrandt & Goebel, 1994) . However, the phylogenetic tree displayed in Fig. 2 clearly demonstrates that P. gessardii CIP 105469T and P. migulae CIP 1 05470T belong to the ' Pseudomonas JEuorescens intrageneric cluster', as it has been described by Moore et al. (1996) . On the basis of the above physiological, biochemical and genotypic characteristics, we describe the following two new species.
Description of Pseudomonas gessardii sp. nov.
Pseudomonas gessardii (ges.sar'di.i. M.L. gen. masc. n. gessardii after C. Gessard, who isolated 'Bacterium aeruginosum' for the first time and studied its pigment).
Cells are asporogeneous, rod-shaped and stain Gramnegative. Cells are motile by means of one polar flagellum. Pyoverdin is produced on King B medium and on S1 medium (Gould et al., 1985) . Two new Pseudumunas species from mineral waters Temperatures for growth range from 4 to 35 "C with an optimum at 30 "C. Strains were isolated from natural mineral waters. No clinical significance is known.
Enzymic tests N-Acetyl-P-D-glucosaminidase, N-carboxybenzoxy-arginine-
Pseudomonas gessardii sp. nov. as described includes 13 strains: the type strain, CIP 105469T( = CFML 95-25 1 T), and the following other strains : CFML 95-244, CFML95-332,CFML95-258,CFML95-338,CFML . The above strains have been deposited in the Collection de la Faculti de Midecine, Lille, France (CFML) and the Collection de l'lnstitut Pasteur, Paris, France (CIP).
